SUMMARY
mycocardial-blood flow (RMBF) was continuously measured using heated crossthermocouple method. Left circumflex coronary artery (LCX) was constricted gradually with a screw type constrictor. The coronary constriction decreased subendocardial myocardial blood flow, while subepicardial myocardial blood flow was not affected until reactive hyperemia in LCX nearly disappeared. Recovery and arrival to peak flow rate of RMBF following the release of 15-second's occlusion of LCX were progressively delayed with an increase in the constriction, especially in the subendocardial myocardium. Repayment of flow debt, however, was remained relatively well since the duration of reactive hyperemia in RMBF was prolonged by an increment of the constriction.
From these findings, it might be concluded that in the heart with coronary stenosis recovery from ischemia was caused by prolonged duration of reactive hyperemia, and is suggested that the time required for recovery from ischemia or isehemic abnormalities after the cessasion of stress might be an important marker for the severity of coronary insufficiency. disappeared (Fig. 1) .
Additional
Following the release of the total occlusion RMBF returned to the resting flow level and thereafter showed overshoot in both layers. The attaining of PRH was delayed in proportion to the degree of coronary constriction, especially in the inner third as shown in Fig. 3 . The magnitude of PRH was significantly greater in the outer third, while the percentage increase in PRH was similar in both layers at each level of constriction.
The ratio of the peak flow rate in the inner to outer third progressively decreased in association with an increase in constriction (Fig. 4) . Flow debt in RMBF was repaid gradually due to a delayed return to the resting level, and the flow debt of the inner third was greater than that of the outer third at any level of the con- accurate appearing time of PRH in the individual myocardial layers, the methods were unsuitable for studying the flow reserve in local myocardium. The heat clearance method has a great advantage in observing, with ease, PRH in local myocardium, though it is a semi-quantitative method and has some methodological problems as described above. The selective decrease in blood flow to the inner third of ventricular wall during coronary constriction found in this study agrees with the result obtained by using radioactive microsphere15) or 86Rb extraction.16) The findings suggest that a coronary artery constriction produces an abnormal distribution of intramyocardial blood flow, and that the subendocardial vessels have less dilatory reserve. With or without coronary constriction, however, the percentage increase in peak flow rate through the inner third was the same as that through the outer third during reactive hyperemia.
Similar results were reported by Pitt17) and Downey18) in hearts with normal coronary arteries. During acute myocardial ischemia the most consistent hemodynamic change observed was an elevation in the left ventricular end-diastolic pressure (LVEDP), and a marked reduction in the subendocardial tissue pressure served by the vessel was also reported.19),20) When autoregulation of coronary flow is decreased or abolished by coronary artery stenosis, increased left ventricular preload consequently augments the underperfusion of the subendocardial region of an ischemic area.21) On the other hand, ventricular fibrillation with constant coronary perfusion pressure raised coronary blood flow22) and subendocardial blood flow.23) These reports suggest that the distribution of blood flow is dependent on gradient in myocardial tissue pressures, especially in the ischemic myocardium.
A brief period (for 15sec) of the total coronary occlusion did not affect or elevated LVEDP only slightly without or with relatively mild narrowing of coronary artery, while systolic myocardial tissue pressure in the subendocardial layer remained markedly low for a long time after the release of the total coronary obstruction .24) This decreased the extravascular support in the layer. With an advance of the coronary constriction, LVEDP rose significantly at rest and further by the total occlusion of the vessel for only 15sec. An elevation of LVEDP caused a rise in diastolic tissue pressure produced directly by the occlusion. Hence, the extravascular support in a heart cycle during the coronary occlusion remained unchanged or rather elevated, and reactive hyperemia within the subendocardial layer decreased or abolished.
With an increase in coronary constriction it required a longer time for recovery of RMBF to the resting level following the release of the occlusion; flow debt calculated increased progressively. Since the duration of hyperemia in RMBF was prolonged in proportion to the increase in flow debt, overpay-March, ment, however, observed until reactive hyperemia disappeared. Lepeschkin and Surawicz25) reported that in exercise ECG significant depression of STsegment lasted for 3 or more minutes in most cases with coronary heart disease, but less than 3min in normal control subjects. It has been also stated that the electrocardiographic ST-segment depression lasts less than 2min in normal persons26),27) but more than 2 to 4min in persons with coronary insufficiency.28) Furthermore, according to Lozner and Morgnroth,29) the predictive value of ST-segment depression for evaluating coronary heart disease may be enhanced if ST depression persists for 2 or more minutes before recovery after exercise. All these results suggest that the recovery time from stressinduced ischemic abnormalities in one of the important markers for detecting coronary heart disease. Moreover, in the present findings local myocardial ischemia caused by a given stress continued longer in association with a progression of coronary stenosis and such trend was greater in the subendocardial myocardium than in the subepicardial myocardium. This suggests that the time required for recovery from ischemia or ischemic abnormalities after the cessation of a certain stress might be an important marker for the severity of coronary insufficiency.
